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Dx Imag 4
An example of advantages/disadvantages for a diagnostic tool:

Advantages:  non-invasive, expedient, axial display, paraspinal bone structure
Disadvantages:  limited area of study, lack of intradural anatomy

-dura = thecal sac

-the facet that borders the neural foramen = superior articulating facet

-injection into the thecal sac = contrast study

-kidney, ureter, and bladder can all refer to the spine


-kidney is notorious for back pain and flank pain

-first sliced artifact in CT scan:


-when scan lower lumbar, the angle of the vertebra leads to both the vertebral body and disc being seen



-it could look like a posterior disc bulge

Disc herniation


-most displayed


-lateral foramen


-complement myelogram


-obstruction, unusual location, and tumor remain problems
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Indications for CT of the Spine

1. Evaluation of Disease process

a. Localization

b. Characterization (not too far from description of a diagnosis)

2. Evaluation of Spinal Canal

3. Evaluation of paravertebral structures

4. Intrathecal (subarachnoid) contrast enhancement

Rule of three, by Steele:

-1/3 of canal = dens


-1/3 of canal = cord


-1/3 of canal = space

21 mm from ant to post tubercle

If the normal ADI is 3mm, how large will the ADI become if transverse lig tear occurs and neural arch subluxes anterior?

-ADI of 6.5 to 7mm = cord compression

-RA is most common cause of ADI


-after that it is trauma, and other inflammatory arthritides

-m/c source of extradural compression:  

-stenosis if 50yo or older
-disc herniation if younger than 50yo

-clinical term for cord dysfunction (with UMNL) = myelopathy
-diff dx with LMNL should include radiculopathy
-when discogenic spondylosis results with cord compression:  spondylotic myelopathy (NOT “spondylitic”)

-myelopathy is usually treated with decompression management

-radiculopathy is mostly non-operative, non-surgical management

-radiculomyelopathy aka myeloradiculopathy = UMNL + LMNL

-surgery for degenerative disease is quackery (no data to support this)


-pain generator is never truly known (it could be anywhere within a region of several spinal levels)
-extradural compression could also come from tumor in vertebral body (mets or myeloma) that pushes into the canal

-5 sources of Extradural compression:
1) herniation
2) stenosis
3) tumor (mets or myeloma)

4) epidural hemorrhage/hematoma
5) epidural abscess (infection)

(also, trauma and iatrogenic)

-any one of these five patients may present in an identical manner

-Intradural, extramedullary lesion (masses or thickening of the dura)

1)  neurofibroma
2)  meningioma
3)  meningitis
-Intradural, intramedullary = masses in the spinal cord


1)  Ependymoma ( m/c spinal cord tumor in adult (astrocytoma is #2)


2)  Astrocytoma ( m/c spinal cord tumor in kids (ependymoma is #2)


3)  Multiple Sclerosis (m/c cause of demyelination)


4)  Syringomyelia (syrinx)


5)  Mets
(medullary = cord)
(the older you get, the more individualized you become)
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-CT bone window:  cortex is quite distinct from medullary bone
-cervical enlargement:  C5/6/7

-potential for stenosis is greater because the cord occupies more of the canal


-cell bodies for UE axons make the cord fatter at C6/7

-lumbar spine enlargement:  T12/L1 (sometimes L2) = conus medullaris


-conus medullaris syndrome:  masses leading to LMNL findings

-axillary sleeve:  where the exiting nerve root begins peripheral nerve designation

-nerve root ( plexus (RTDCB) ( peripheral nerve ( neuromotor junction (effector organ) ( organ (ie muscle)

CT:  at foot of patient looking toward head

-dura should be stuck up against the vertebral body


-if dura is pushed away from body, then extradural abnormality

-in a CT contrast study, the moat is the dura

-look for a symmetric moat around the cord

-hematoma will not respond like herniation will (to treatment)


-failed response to treatment often means incorrect diagnosis

-vertebral plana:  suggest mets (vs MM) on the background of osteoporosis

Osteoporosis:

-primary


1) Post-menopausal (ovarian failure)


2) Senile 

-secondary


-secondary to another problem (ie hyperparathyroid, mets, etc)

-pathology infiltrates bone causing it to collapse

-DEXA:  measures bone density

-whole cervical cord is enlarged (not just at C5-7)

-intradural intramedullary abnormality


-differential for intramedullary abnormality:  syrinx, tumor, mets, MS 
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Thoracic spine

-one disc, 2 apophyseal, 2 costovertebral, and 2 costotransverse joints

-costovertebral or costotransverse joint dysfunction could make you feel like the pain is originating from within the chest

-compression fracture could destabilize these joints
GERD (large meals & then lie recumbent)

-inflammation ( ulceration ( fibrosis (scarring of esophageal surface) ( contracture & loss of volume ( 

Barrett’s dysplasia (premalignant) ( esophageal carcinoma

-interscapular pain is a referral zone from myocardium (&/or pain referring to the left arm)

-10% of patients with angina refer to right side as well

-also referral to c-spine and mandible could occur

-if knee pain, keep vascular system in mind (ie claudication)

-aneurysmal distention can refer pain


-during the phase of expansion, you experience pain


-dissection is another pain generator (intima splits from the tunica media)



-anterior chest wall pain or back pain



-blood is going into the space b/n the intima and media


-vital signs are abnormal 

-systolic is high and diastolic is low



-tachycardia

-pain potential in whatever wraps the viscera, but nociceptors are not usually found in viscera


-ie there are no nociceptors in the lung parenchyma, brain, etc

-when pulmonary pathology, it is the pleura (ie pleural inflammation) that exhibits pain

-rib instability syndrome is also capable of producing pain

-interruption of deep inspiratory effort (by pain):  pleura or rib instability\

Herpes zoster


-initially, high grade pain along the flank (along a dermatome)


-possible blistering later

-herniation is most common extradural abnormality in teenager
-chronic compression of the cord less than 15% would have no clinical symptoms

-1987, Journal of Radiology


-100 random MRI scans of c/s ( 7 out of 100 had cord compression (with no symptoms)

-myelomalacia:  softening of the cord (because it is under chronic compression)


-cord atrophies and becomes soft

-encephalomalacia:  chronic compression on brain tissue


-leads to encephalopathy ( failure of brain function

-everybody at 75yo has degenerative disease in the spine
-DJD is not necessarily a cause of back pain


-terrible clinical correlation of pain with DJD

-general rule:  if it hurts, xray it

-98% of the time:  pathomechanical problem is source of pain


-will respond to manual therapy and stabilization procedures
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Advanced Imaging in a Clinical Context

-normal upper c/s prevertebral soft tissue is less than 1/3 of diameter of AP dimension of vertebral body


-infection (abscess)

-trauma (hematoma)

-neoplasm (nasopharyngeal carcinoma, typically from tobacco)

-annular tear:  joint is wider than normal

-when annulus is torn, it releases its pull on the vertebral bodies and therefore they separate

-joints typically only separate if there is high-grade ligament injury

-subcapital fracture (just below the head) is most common fracture of hip joint
-if fracture of femur, the patient will not extend hip joint

-most fractures have spiral/oblique/avulsion orientation

-if transverse fracture, then likely pathology is involved
-isoenzymes:  break down enzymes into subgroups

-epiphyseal plate produces alkaline phosphatase in a 20yo


(alk phos is not just bone fracture)

-heart:  CK-MB isoenzyme

-L4, female, 40yo

-markedly enlarged kidney:  hydronephrosis
-case:  lymph nodes massing about the ureter ( ovarian mets ( compressing ureter and kidney couldn’t drain
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-cheap lab analyses to consider on patient who is not responding to care:

-UA, Sed rate (15 is normal), and CBC, and maybe a blood chem analysis

-infiltrative disease = malignancy (of bone): 


1) mets (hot bone scan)


2) myeloma (cold bone scan, unless there are fractures)


3) hodgkin’s lymphoma

-myeloma produces an agent which blocks osteoblastic activity:  cold/negative bone scan

-nuclear medicine


-various organ studies:  bone scan, liver scan, spleen, brain, etc

Scintigraphy (nuclear medicine) injection and subsequent detection of radioactive isotopes for imaging

-planar, spect, and pet
radionuclide skeletal scintigraphy (bone scan) aka planar scan

3 phases:



1) Angio (blood) phase (30-60 seconds)



2) Blood pool (soft tissue phase):  isotope is in muscles & ligaments (5 minutes after injection)



3) bone phase:  skeleton, kidneys and bladder (2-3 hours after injection)




-sensitivity of 3rd phase for abnormality in bone:  95-97% sensitive 

(other 3-5% not picked up:  malignancy can sometimes hide in DJD)
-radiation:  gamma
-Technicium-99:  attaches to phosphorus

-half life:  6 hours (urination reduces the whole body dose; bladder is target dose)
-PET scan displays metabolism (not anatomy) vs CT scan (which displays anatomy)
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-dark spots on bone scan:  (1) osteoblastic activity  (2) blood flow (perfusion to get isotope there)

-140keV photons coming out of patient

-sometimes Homeland Security picks these people up (after bone scan) because they’re emitting radiation

SPECT (single photon emission computed tomography)


-patient injected with isotope


-one bone scan slice is more closely examined ( axial, coronal, and sagittal slices

-common scenario for malignancy:  negative plain film, but positive bone scan

-hematopoietic tissue of the skeleton is a magnet for metastatic disease (spine, proximal long bones, & skull)

http://www.rad.kumc.edu/nucmed/clinical.htm
PET (positron emission tomography)

-positron = positive charge on what is typically a negatively charged particle (a positively charged electron)



-antimatter annihilation event


-need nuclear accelerator to produce this positron isotope (this isotope decays in minutes)


-when a positron meets an electron, there is a burst of energy and a scanner is tuned to the event


-PET scan is the dominant tool in oncology, but it is very expensive


-fluorine-18 (positron emitter) is attached to glucose 


-tumor eats glucose (looking for areas of high glucose utilization)


-PET scan has far greater sensitivity than bone scan
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PET is not only used in oncology, but also used in neuroscience (ie  to label receptors)

-cross modal function of the brain ( neuroplasticity ( aka “learning”

-generating words:  anterior pre-frontal cortex
-most of the brain is capable of taking over other parts of the brain



-there typically are NOT specific locations for specific functions (with a few exceptions)

Computed Tomography


-attenuation coefficient (the number assigned to each block)


-Hounsfield units:  units of CT



air: -1000



fat:  -30 to -150



water:  0



calcification:  begins at 300-400



bone:  <1000


-pixel = 2-dimensions


-voxel = 3-dimensions

-acetabular fracture (typically inferior portion of acetabulum)

-need to be guarded in activities (and avoid external rotation)


(Kettner believes you should never prescribe bed rest and that it is ONLY for the dead)

Major stabilizer in the glenohumeral joint:

-capsulolabro complex:  capsule inserts on the labrum and the labrum provides stability



-if it is torn, the abnormal kinematics results in clunking
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Magnetic resonance imaging

-need powerful magnet + radio that emits frequencies b/n AM and FM

-the proton is the target of the MRI instrument


-want to resonate the proton, then it goes into a state of higher energy and then it collapses/relaxes when the beam is off



-bones and dense ligaments are no signal and are therefore black on the MRI image

-(T) for Tesla is named in honor of Nicholii Tesla

( 1 Tesla = 10,000 Gauss

The Earth’s magnetic field is 0.5 Gauss

-the magnetic field in MRI is 10-20 thousand times stronger than the Earth’s magnetic field

-the heart, brain, and muscles all emit magnetic fields

-ionic flux in muscles because ions are moving across membranes


-oscillating ions create magnetic fields in muscle

-massage reactivates the magnetic field associated with it

-our bodies are emitters of magnetic fields and also of the electromagnetic spectrum

-we live in an ocean of electromagnetic waves
EM spectrum (one wave at different frequencies):


-long waves, AM radio, MRI, FM radio (& VHF), UHF, radar, microwaves, infrared, visible, ultraviolet, xray, gamma 

radiation, cosmic radiation
AM:  about 1 MHz

FM:  about 100 MHz


(FM radio is about 88 to 108)

-our retina (our vision) tunes into the visible part of this spectrum
-EM is one of the most fundamental forces in the universe


-it permeates the entire known universe

Long Waves (in brain)


-EM brain emissions, range:



0.5 – 600 Hz


-frequencies above 40 Hz are thought to be higher brain activity

-originally thought that the EEG showed just noise



-rather these waves bring information across the cortex




-they are information carriers


-EEG waveforms carry information across the brain


-a spectrometer that measures the entire EM spectrum will be a Nobel prize (senior research project?)

Nucleus and Magnetic Moment


-has a North pole and South pole


-Nucleus is both spinning on its axis and spinning around another axis causing a “wobble”

-it is like a spinning top that is losing energy


-a small majority of molecules will precess into alignment


-resonance phenomena = precession


 Ω = γ B0

-magnetic field strength (B0) is related to is the precessional frequency (Ω)


-start to get neural discharge at 7 Teslas (nerve twitches)



-7T is the amount used for research


-clinical magnets are typically 1.5T magnets

-relaxation separates normal from pathological tissue


-pathological tissue has water in it, and therefore more protons and a higher signal on MRI

-the resonance phenomena (precession or wobble) is tunable


-the wave emitted will activate a current in a receiving copper wire


-then the current output is put through the Fourier Transform and outputs a specific frequency (NMR signal)

Timing parameters


-TR (repetition time)



-the interval of time that the signal is emitted from the transmitting antenna into the patient



-the time that the unit is turned on



-a TR of 500 msec is every half a second it turns on


-TE (echo time)



-TE is how long the receiving antenna is turned on
-manipulating TR and TE are what create T1 and T2

T1-weighted
-TR less than 600 msec, and a TE of < 75ms
T2-weghted

-TR is 2000 msec, and TE > 75 msec 
Dark on T1 and T2:


- cortical bone, calcification, ligaments large vessels (flowing too fast to get magnetized), fibrosis

Bright on T1 and T2:


- subacute or chronic hemorrhage, fat

-pathology (tumor, edema, exudate) is dark or intermediate on T1 and bright on T1

-**looking for something that is bright on T2 and it drops in signal intensity on T1 (dark on 1, bright on 2)


-this is relative to the surrounding tissues in the region


-if surrounding tissues don’t look like that, then likely tumor, trauma, or infection
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Musculoskeletal Ultrasound (Dr. Tom Clark)


c = wavelength x frequency

-anisotropy:  “no sound” – a black hole artifact



-ligament is the most sensitive to anisotropy (b/c lig is most compact)



-nerves are the least compact, and therefore the easiest to find on ultrasound
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Functional Magnetic Resonance Imaging
-hemoglobin behaves like a magnet, when the oxygen is pulled off ( blood-oxygen level dependent contrast
-precession (wobble) exists in two energy states (a lower and higher)


-the drop from the high to the low state is

-coherent spin system:  all spinning equally

-precession: wobble (like a top)

-excitation:  spins go up and fall to lower energy state

-excitation of a spin at larmor frequency….

Tractography:  obtain signals coming from water (relative to the structure of white matter)
MR spectroscopy


-chemical analysis


-can study ATP (phosphorus) to make sure muscles are operating at maximum training benefit

fMRI


-not kinematic, tractography, or spectroscopy


-application of a stimulus (ie pain) or very tiny movement



-stimuli elicits neural reaction ( hemodynamic response (neuro response changes blood flow in the brain, 

and oxygen is being used up) ( MRI scanner to detect Hgb oxygen-deficit Hgb ( fMRI response

-consistently acupuncture works better than conventional medicine in osteoarthritis

-the failure of inhibition (disinhibition) is a part of chronic pain
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Axioms of Radiography

-important to take orthogonal views

Clinical Correlation

-every time you have a tumor of bone (even if benign) then it is suggested that you refer to an orthopedist for consult
-developmental dysplasia of the hip
-ortolani’s:  ext rotate thigh and abduction

-Barlow’s:  long axis distraction (evaluate for labral audible)



-click is result of impact between ossification center and labrum

-Allis sign:  checking knee heights with patient supine



-if less cartilage in joint (or sublux/dislocation of hip), Allis sign will be positive


-the high metaphysis is the dislocated side (of hip)

-spiculated periosteal reaction arising from the inner table (of skull)


-neoplasm & infection; also trauma (causing callous) and ischemia


-bone which is hypoxic produces periosteal reaction (hemoglobinopathy ( thalassemia major)


-predominantly Mediterranean populations



-not a problem with iron (iron-supplementation in these patients will lead to liver disease:  hemochromatosis)



-pblm is with hemoglobin

-acroosteolysis

-“acro” = distal


-differential:  

-Connective Tissue disorder

-thermal injury (frostbite or burn)

-neuropathy

-psoriasis

-hyperparathyroid

-gaseous exposure to polyvinyl chloride (PVC ( hard plastic)

When delivering potential threatening news to a patient:

1) Do NOT terrify the patient
 -access to threatening info without full knowledge of its interpretation is problematic (nocebo effect)
2) Move the patient into follow-up evaluation

-m/c primary malignancy = MM

Carcinoma pneumonic:

“BLT pickle ketchup and hot sauce”:



( breast, lung, thyroid, prostate, kidney, Hodgkin’s, and sarcoma (osteosarcoma & Ewing’s)

-Hodgkin’s, Ewing’s, and osteosarcoma are extremely rare

-if mets to skeleton, the hunt is for the primary
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Search Pattern
1. Soft tissues

2. periosteum

3. cortex

4. medulla

5. joint thickness

6. joint alignment

7. joint function

-looking for the common and threatening (in between these two are the classical problems, ie Paget’s)

-bullets are typically only removed if 1) hemorrhage or 2) neurological impact


-however, bullets can migrate (can even sometimes work their way into an artery and form an embolus)

-atherosclerosis:  most common cause of calcification in soft tissue

-other soft tissue calcifications:

-hydroxyapatite (immature form of bone) deposition in rotator cuff


-can be a pain generator, but not always

-tendon
-nerve

-earliest finding of bone infection:  periosteal reaction (after 7-10 days)


-don’t rely on plain film for osteomyelitis (sensitivity is too low for early detection)

-neoplasm & infection: soft tissue swelling is a late finding

-negative side of attenuation:  fat

-lipoma (ie from deltoid down to elbow)

-air:  trauma or infection


-usually in a relatively immunocompromised patient



-ie clostridium

-maceration:  most distal aspect of phalanx is crushed


-diabetic neuropathy

-undulating (wavy) periosteal reaction ( consistent with ischemia

-fractures:  acute, stress, and pathologic

-stress fractures:

1)  Fatigue (bone got tired) 



-abnormal force on normal bone

2)  Insufficiency


-not enough bone (osteoporotic patient)

-codfish vertebra (concavity in both inf & superior endplates) = stress fracture


-low-grade ache, but should not be acutely painful ( insufficiency fracture
-if pain there, then it is an acute fracture and within a week could be a flattened vertebra

-pathologic fracture:  13% body height collapse

Medullary bone (osteoporosis)


-primary osteoporosis


-type I – medullary bone loss





-50% loss in female





-65% loss in male



-type II – cortical bone loss 



-don’t get to type II unless go through type I




-post-menopausal




-75% loss in male or female



-pencil-thin cortices


-secondary osteoporosis


-mets, RA, HPT, disuse
-focal reduction of cartilage (reduced joint space), leading to sclerosis, subchondral cysts, and osteophytes

-if see joint-space reduction with NO sclerosis, then RA
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LeRiche – distal aortic insufficiency


-paresthesia in thigh and buttock provoked by walking (claudication)

-neurogenic claudication occurs as part of spinal stenosis
-significant atherosclerosis of brachial artery (claudication); diff dx:

-endocrine:  diabetes or hyperparathyroidism

-curvilinear calcification arising from mid-L/S and extending all the way to the pelvis


-abdominal aortic aneurysm ( common AND threatening

Bone destruction:

1)  hyperparathyroidism (benign tumor of parathyroid gland ( too much parathormone)



-destroys bones where there is mechanical stress (ie SI joint, pubes, medial femur, medial tibia)

2)  hydrostatic pressure from aneurysms can destroy bone


3)  neoplasm

4)  infection

-Myositis ossificans (MOT) ( tissue undergoes calcification after trauma
-calcified uterine fibroid aka lyomyoma 

-very common uterine tumor (20% by age 30)

-dense calcific nodule at the termination of the phalanx ( calcinosis


-connective tissue finding seen in scleroderma

-their face is abnormally tight and their knuckles are shiny red (from tight skin)


-dysphagia is the GI complaint and earliest clinical feature ( muscle of esophagus becomes fibrotic


-inflammatory arthritides attacking connective tissue
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EDEMA

-destruction change crossing a joint:  infection category

-destruction change + joint involvement = infection

-malignant fibrohistiosarcoma = sarcoma of soft tissue

-just starting to erupt the primary teeth buds = ~ 1yo
-Codman triangle:  tumor goes through the periosteum and elevates it relative to the cortex

-sign of a very aggressive tumor


-usually a male who has gone through a growth spurt ( presents has knee pain in a young athlete
-most active sites of bone metabolism:  distal femur, proximal tibia, proximal humerus

-target for metastatic osteosarcoma:  pulmonary mets

-periosteal reaction of trauma is much more common than that of infection or neoplasm


-leg pain is result of osteoblastic activity, secondary to injury


-athletes get fatigue fracture (commonly seen)


-forces activate osteoblastic response (periosteal reaction is part of the response)

-lytic spondylolisthesis (L5 pars) is the m/c stress fracture


-don’t use the term “fracture” with the patient (they will needlessly panic)

-in the athlete, distal tibia (followed by tarsal bones) is m/c site of stress fracture

-overweight people will get the “March fracture”:  2nd or 3rd metatarsal


-most stress fractures in obese people will hit the 2nd metatarsal

-radial cortex, if you’re a gymnast

-Lytic change with adjacent sclerosis and associated periosteal reaction:  neoplasm or infection

-pair of periosteal reactions in long bone
-diff dx:  fracture, neoplasm, infection



-check the bone marrow for osteomyelitis or osteosarcoma
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Paraneoplastic syndrome (like HPOA:  hypertrophic osteoarthropathy)

-tumors make stuff (cytokines, hormones, etc), other bioactive agents


-tumors can produce ACTH (precursor for cortisol, which is anti-inflammatory)


-can cause rheumatoid to disappear

Rib fractures:  crack on the flank

-find position of relief


-biggest problem is sleeping ( causes them to heal in malunion

-rib fracture pain could last a year

Saucerization:  mass is pushing on the cortex, causing cortical erosion (malignant soft tissue tumor)

-some patients drop 20% of skeletal bone at menopause


-estrogen is necessary to keep osteoclasts under control (testosterone does this in the male)


-reproductive hormones are also potent anti-oxidants


-medullary bone is the first bone to go (type I, post-menopausal osteoporosis)

-type II osteoporosis is senile osteoporosis:  cortical bone starts to disappear (paper-thin cortices)

-number one goal with geriatrics is to get them mobile

-MOBILITY is necessary for social and spiritual engagement

-osteoblastic activity is a longer pathway than osteolytic activity
-need vit D to get calcium into the vascular system


-most vit D comes from food sources


-kidney and liver both need to be functioning


-two “OH” groups stuck on


-active vit D is:  1, 25, dihydroxycholecalciferol (and can only be made with both liver and kidney function)


-analgesics (NSAID & aspirin) damage the liver and kidney, thus reducing available vit D



-analgesic nephropathy 

-liver produces clotting agent (required to stop bleeding)


-alcoholic presents with hematemesis 



-varices in GI tract and no clotting proteins from the liver

-overhang sign

-order uric acid lab test


-Gout ( urate crystals



-collect in soft tissue of synovium and irritates bone


-gout is very easily treatable



-it takes a year for gout to cause lytic change in the foot

-if lytic change of bone in the foot, and only a few weeks duration, then osteomyelitis or neoplasm

-osteoblastic mets


-if female, primary is breast


-if male, primary is prostate

-If joint pain, 98% of the time it is mechanical, and 2% pathological
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Degenerative Joint Disease

-spondylosis is not a pain generator

-there is a connection between reduced joint space and uncovertebral joint arthrosis

-neurovascular compression may occur with extensive uncovertebral arthrosis

-gravity dictates bone remodeling

-deceleration injury = flexion injury
Myelomalacia = softening of the cord


-will end in UMNL
DISH


-potential for another problem to occur:  ossification of PLL 

immobility syndrome
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Clinical Features of Skeletal Mets

-age, s/s, lab findings

-skeletal mets:  principally, hematogenous extension (arterial, venous, and lymphatic) from a primary sarcoma
-age: 40-80 is the main window for mets


-after 80, the window closes on mets and primaries become more prevalent (myeloma, lymphoma, etc)

-squamous and basal cell carcinoma on the skin, are most common primaries

-need tissue biopsy:  if change of color in skin papule, or if persistent bleeding

Symptoms

-intractable (unresponsive) day and night pain (wake up several times in course of the night)



(joint pain (OA) is the single most common cause of pain that wakes a patient)


-progressive or shooting pain (pain of neural origin)


-bone pain, 5 days or longer, without relief


-mets is painless in 40%


-weakness, weight loss, low-grade fever (late findings)

Signs


-lymphadenopathy (2/3 of patients), organomegaly


-pallor


-motor or sensory neuropathy


-instability, gait disturbance


-general or localized paresis

-first sight in skeleton where skeletal mets occurs: spine

Lab findings

-Micro or macrocytic anemia (myelophthisic)

-Increased ESR

-Hypercalcemia/hyphosphatemia


-Proteinuria


-Monoclonal gammopathy

-pedicle missing by lytic disease is a sign of mets:  

-potential primaries include:  lung, kidney, thyroid, and possibly osteosarcoma

-osteosarcoma comes back late in life, after bone has been irradiated

-malignant degeneration in Paget’s is less than 1%

Destructive Features


-patterns of destruction:   large holes aka geographic (2-5cm), moth eaten (1cm), permeative (few mm)



-the size of the lesion correlates with aggressiveness


-the smallest holes = most aggressive lesion



-but do not classify geographic lesions (large holes) as benign


-zone of transition (can put finger on edge of lesion)

-cortical erosion – periostitis


-tumor matrix (the stuff the tumor makes = matrix)


-soft tissue mass (non-specific finding)
-benign lesion in a small bone:  nowhere to go except out through the cortex
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Classification of mets is based on either lytic or blastic

-m/c benign tumor of spine = hemangioma


-10% of population has hemangioma, but they are lost in the bone densities associated with aging



(hemangioma usually not seen on film)


-98% are asymptomatic ( if they are a source of pain, then need MRI



-the 2% that are painful will push a tumor into the extradural space and become an epidural mass

-sharply angulated endplate (check sign) is a sign of pathological fracture

-sclerotic tumor that likes the t/s and upper l/s spine:  Hodgkin’s lymphoma

-we never expect the vertebral bodies to be sclerotic even if DJD or DDD

-plain films will only show you late disease (not early disease)


(don’t trust labs or radiography, early on, however, CT and MRI can be better trusted)

-if failure with trial of care, then send for MRI/CT

*************************************************************************************************
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DxImag4 - FINAL

CHEST radiography

-not just local signs/symptoms, but systemic s/s (ie unexplained fever, unexplained weight-loss) require chest xray
1-chest xrays are well over 100kVp (typically 120kVp)

2-rotation/position

-can judge the quality of the PA positioning by the medial border of the clavicles



-they should be equidistant from midline

3-depth of inspiration

-the right hemi-diaphragm should be below the 10th rib

-otherwise, it is an expiratory examination (not inspiratory)

-if patient rotates slightly, the side of opacity will be the side that is further from the film

-air acts as a filter and less photons reach the cassette

-if PA chest and one side is more lucent, the assumption is that the lucent side is pathological ( pneumothorax


-however just a degree or two of rotation could cause asymmetry in the lung density

Chest xray anatomy

5 step search process:


1) soft tissues (everything outside the thorax)


2) skeleton 

-vertebral column, shoulder complex (clavicle, scapula, humerus), ribs



-the anterior ribs point down toward the mediastinum



-the posterior ribs leave the mediastinum rather horizontally


3) central shadow


-start with tracheal position (should be in mid-sagittal plane)



-atherosclerosis of aortic arch will push the trachea rightward




-not a pathological finding, but rather an age-related finding



-mediastinal width should be as wide as the vertebral column, at the level of the aorta



-make the cardio-thoracic measurement at the widest point of the heart




-cardio/thoracic ratio should be less than 0.55




-denominator of this ratio is from inner rib to inner rib
-Cause of cardiomegaly:  typically hypertension

-m/c risk factor for MI, stroke, or renal disease


4) hilum (plural: “hila”) & mediastinum


-bronchial and vascular structures



-mediastinum is evaluated on the lateral film (ant/med/posterior mediastinum)


5) lung proper
-all you should see in the lung are pulmonary arteries, the rest is air

-if see anything other than vessels, than abnormality


1) opaque abnormalities



-nodule, mass, consolidation


2) lucent abnormalities



-hyperinflation (COPD, m/c), pneumothorax (U/L black lung), pulmonary cavity (necrotic lung from infection or 

malignant neoplasm ( localized, a few centimeters in diameter)

-if abnormality of the lung: then CT with contrast (refer to pulmonary internist, not cardiologist)

-if abnormality of the heart: echocardiogram
(an internist = a diagnostic specialist)

-smoker ( obstructive lung disease

-obesity ( restrictive lung disease (they’re so fat that they can’t breath)

(pickwickian syndrome ( obesity causing decreased pulmonary function)
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-septic arthritis is the only arthritis where the cartilage is destroyed in a few days
-air under diaphragm: indicates rupture of GI tract (viscous rupture)


-ulcer is m/c cause of perforated GI


-malignancy is the other differential

-air seen on the left hemidiaphragm is normal, because of the fundus of the stomach

-after abdominal wall surgery, then gas will collect under diaphragm for about 10 days (then it should disappear)

-if the patient does not have abdominal pain, where is the pain source?


-referral domain of the diaphragm: base of the neck and upper shoulder


-infection of or gas collection under diaphragm could cause shoulder pain

-always have a bias to left-sided shoulder pain

-musculoskeletal and vascular systems overlap (always put MSK and vascular together)



-ie if knee pain, then check for claudication first

-densely opacified lung = consolidation
-consolidation of pulmonary apex with bone destruction: neoplasm (Pancoast syndrome)

-to go from Pancoast syndrome to Horner’s syndrome, the tumor must invade the sympathetic chain


-Horner’s syndrome: dominate parasympathetic response (myosis, ptosis, anhydrosis)


-sympathetics dilate the pupil, and cause sweating



-sweat glands require sympathetic innervation

-mastectomy (99% of the time it is for malignancy of the breast)


-results in hyperlucent lung on that side (blacker lung)


-bone scan to check for mets (if pain anywhere)

-collection of fluid (in lateral decubitus position)


-pleural effusion: neoplasm or infection (infection has warning signs)

-most chest pain is musculoskeletal

-1/3 of patients that go to ER with chest pain is MSK

Tietze’s syndrome = costochondritis

-to reduce reflux (GERD):

-carminative (reduce foods that make the patient belch)


-no large volume meals within 3 hours of bedtime


-biggest meal should be breakfast, and smallest meal should be the evening meal


-ideally, multiple small food intake throughout the course of the day (with low glycemic index)
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-scoliosis is capable of taking the trachea out of midline
-masses that could push the trachea out of midline: thyroid tumor, parathyroid tumor, or lymphadenopathy
-supraclavicular (sentinel node) can be the most problematic
-sliding hernia is the everyday hernia


-results from: fiber depletion and dehydration

-elderly are always constipated, because their neurological thirst mechanism doesn’t function properly

-fish oils appear to be protective of white matter in the brain (also reduction in strokes)
-innervation to diaphragm = phrenic nerve (C3,4,5)

-if no movement of diaphragm (lack of excursion), then two possibilities:


1-compression of phrenic nerve in mediastinal cavity (differential: bronchial, lymphoma, aneurysm)


2-more common, failure of diaphragmatic power due to stenosis in lower C/S



-maybe some of the respiratory deficiency in geriatrics is due to stenosis in c/s (senile emphysema)



-diaphragmatic power reduces with age + air retention with age

(breathing through pursed lips:  pursed lips provide resistance the lungs need to reduce lung collapse)

Chest wall syndrome:

-Tietze syndrome (inflamed costocartilage)



-often a mass arises in the area of pain (can’t see on xray)



-test:  can stress the anterior costochondral junction (hands behind head, and doctor pulls elbows backward)


-pulmonary disease

-cardiac disease

-bilateral, non-dermatomal paresthesia (but sensory exam is normal, reflex is normal, motor power is normal)


-formication: formic acid gives weird tingling sensation ( like insects crawling on skin

(TP in c/s is horizontal, but T1 TP points up)

TOS syndrome has 3 components:


1 - interscalene (ie from hypertonicity scalenes) ( anterior scalene syndrome


2 - costoclavicular (b/n first rib and clavicle)


3 - subacromial (pec minor inserting on coracoid process can compress)

-it is not common to see TOS in a patient with a cervical rib

(2 TOS camps: vascular TOS & neuro TOS)
-posture is a common etiology for TOS 

-might need ultrasound or MRI to confirm TOS

-fibrous dysplasia ( most common benign skeletal disorder of the rib cage


-incidental finding with no clinical significance (“leave me alone” lesion)

-long intramedullary radiolucent lesions in multiple ribs

-unilateral missing clavicle


-likely mets or myeloma


-erasure of bone is classic presentation of metastatic disease (ie pedicle, lesser trochanter, clavicle, etc)

-destructive categories: neoplasm, and infection (could also be vascular, but that is unusual)
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Third phase:  Central shadow

-search in Mediastinal cavity requires PA and lateral


-tracheal shadow should be mid-sagittal finding



-o/w either something pushing or something pulling trachea


-just above aortic arch, mediastinal shadow should approximately equal vertebral column


-hypertension: capillary vessels constrict (under sympathetic input)


-cardiac output reduces 1% per year after age 19


-number one cause of hospitalization by recurrence: CHF


-hepatojugular reflex: push on the liver and neck veins fill



-dependent edema (ankle swelling)



-pulmonary edema & pleural effusion


-obesity causes lung disease, not just heart disease

-anterior mediastinal space
-5 “T’s” soft tissue mass differential of anterior mediastinal space:

-Thymoma, Thyroid, Teratoma (aka Dermoid), Aneurysm, Lymphoma




-dermoid (teratoma) has 2-5% malignant potential
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-Anterior clear space:  from sternum back to pericardium

-Anterior Mediastinal Mass (5 T’s)

-Thymoma: neoplastic growth of the shrunken thymus

-associated with myasthenia gravis (burnout of motor tone)



-MG: antibodies directed at neurotransmitter (Ach) released at neuromotor junction




-antigen = acetylcholine



-failure of diaphragmatic function is the biggest threat of Myasthenia Gravis



-15% of patients with MG will have thymoma



-50% of the patients with thymoma have myasthenia gravis

-Thyroid 

- if thyroid doesn’t ascend into the neck (during development), it could remain in ant mediastinal space

- or the thyroid could descend (ie goiter)

-Aneurysm

-connected to aorta (bad place for aneurysm)


-people with Marfan’s and/or hypertension



-Connective Tissue disorders that leave aorta without reinforcement in the wall
-Lymphoma

-Hodgkin’s disease


-proliferation of lymph nodes


-classic Hodgkin’s:  22yo, fever, night sweats, and pruritus


-skin itch: breakdown of RBC’s (hyperbilirubinemia – overactive spleen) OR dermatological disease


-if excoriation without lesion, then think internal disease


-we prefer to see nodes that are painful (painful nodes are a good sign)

CHF
3 bumps in the central shadow:

-aorta, pulmonary artery, left ventricle
-if see “curvilinear” soft tissue density, think vessel

-aortal iliac bifurcation (abdominal aneurysms)

-thoracic aortic aneurysms are generally not treated


-usually non-symptomatic (patient gets followed with serial CT scans)

-hypertension will drive vessels into a snake-like configuration, called tortuosity
HILUM

-normal hilum consists of branches of the pulmonary artery


-pulmonary artery on the Left is smaller than the Right pulmonary artery


-presence of a mass in the hilum is bronchogenic carcinoma until proven otherwise


-hilar mass is most common presentation for bronchogenic carcinoma


-nodes vs vessel (when see hilar mass)


-need CT scan with contrast to distinguish ( contrast will go into the vessel to separate vessel from tumor


-if hilar mass is vessel, then secondary pulmonary arteriole hypertension



-small vessels disappear (due to COPD)

-Cor pulmonale:  chronic lung disease that causes right heart disease



-shortness of breath with pulmonary arteriole hypertension


-heart disease = too much demand on the heart chambers (they are in overload)

-wide mediastinum and failure of diaphragmatic movement ( phrenic nerve compression

-wide mediastinum suggests adenopathy

-bronchogenic carcinoma if combination of the following:  


1) hilar mass


2) widened mediastinum (excessive lymph flow)


3) failure of diaphragmatic movement
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-Incr density in lung (opaque): nodules, masses, consolidation, atelectasis
-pulmonary vessels are the only thing that should be seen in the lung

-every time you see destructive changes in bone, differential is:  mets and MM

-extrapleural sign can occur anywhere there is pleura

-subtle, but loss of cortical density, abnormal medullary bone, and a mass forming an obtuse angle on chest wall


( mets vs MM


-if pulmonary lesion close to the chest wall, there will be a 90 deg angle (sharp angle) formed with chest wall


-lesions next to chest wall (extra-pleural) based will form obtuse angle (greater than 90 deg)

-consolidation of entire hemithorax = air is completely replaced by something else


-what causes consolidation of entire lung? atelectasis

-Leftward mediastinal (heart) displacement with consolidation of hemithorax: atelectasis

-atelectasis usually means bronchial obstruction

-things get pulled to the side of atelectasis

-if 50yo, then neoplasm (bronchogenic carcinoma) is the underlying obstruction causing atelectasis


-in 8yo, atelectasis indicates: asthma causing mucoid hyperplasia & muscular hypertrophy and bronchospasms



-mucoid plug can produce atelectasis


-intercostal narrowing occurs in the ipsilateral atelectasis

-direct sign of atelectasis: fissural displacement (horizontal fissure is the only one that can possibly be seen on PA chest)
-consolidation (fluid) in the right middle lobe


-likely exam findings include: decreased auscultatory breath sounds, dullness with percussion, bronchophony, etc


-infection vs neoplasm (neoplasms often present as pneumonia)

-when consolidation doesn’t respond to treatment then it is a sign of tumor



(or pneumonia comes back 3 months later to the SAME segment)



-follow-up with chest films to make sure the consolidation goes away


-bacterial pneumonia is more common than viral


-community vs nosocomial pneumonia



-nosocomial infections (acquired in hospital) are very dangerous and kill 2-4% of pneumonia patients per year



-bacteria constantly exposed to antibiotics build a strong resistance

-45% of any population has pathogens that will cause pneumonia if they get beyond the pharynx


-if coughing and in bed a few days, aspiration of pharyngeal saliva into the lung can lead to pneumonia

-vanishing tumor (not really a tumor): fluid collected in horizontal fissure (from pleural effusion)


-will disappear with treatment


-blunting of costophrenic angle


-very common cause of hospitalization (CHF) ( 1million Americans per year

-multiple soft tissue nodules:  mets (malignancy that came from the lung and goes to the lung)


-preference in bias: lower lobes


-hematogenous malignancy goes to lung base (typically) because more vasculature at the base of the lung
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3 most common lung neoplasms: squamous cell, adenocarcinoma, and large cell lung carcinoma
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Dr. Bonic

-lesions within mediastinum vs lung parenchyma


-acute angle (within the lung) vs obtuse margin (outside lung parenchyma)
-hilum overlay sign


-silhouette sign: 

-if two structures of similar densities that are in direct contact with each other, then lose margins of those densities



-ie consolidation of right middle lobe will cause loss of right heart border

-air bronchogram sign: tubular outline of an airway made visible by filling for surrounding alveoli by fluid



-the pathology is within the lung parenchyma

Lung Diseases that incr radiographic density

-solitary pulmonary nodule (SPN) or mass


-always want to compare it with old films



-spiculated borders usually indicate malignant mass



-squamous cell carcinoma often presents with cavitation



-if dense SPN less than 1cm, then most likely a granuloma



-corona radiata sign  highly associated with malignancy


-consolidation (fluid filling the alveoli)


-transudate, exudate, blood, pus, cells, or protein


-atelectasis (sucks)



-resorption of the air (volume loss) ( lungs collapse where the volume loss is



-displacement of fissures, elevation of diaphragm (if in lower lobe), displacement of hilum, crowding of ribs, local 

increased density, mediastinal shift



-non-obstructive atelectasis:



-passive (pneumothorax, hydro/hemothorax, pleural mass

-adhesive (decr surfactant, ie neonates)

-cicatrization (fibrosis)

-rounded



-obstructive (bronchus is obstructed ( air to peripheral segment is blocked)




-tumor, stricture, foreign body, mucus plug, bronchial rupture


-pneumonia: filling of air spaces with pus



-opacification

Pulmonary edema ( accumulation of fluid in the extravascular compartments of the lungs (interstitial space & alveoli)


-incr hydrostatic pressure (cardiogenic, m/c)


-decr osmotic pressure (hypoproteinemia)


-incr capillary permeability (near drowning, drug OD)


-batwing distribution


-Kerley B lines:  thick interlobular septa

-mildly enlarged cardiothoracic ratio:  0.45-0.55

-moderately enlarged cardiothoracic ratio: >0.55

CHF ( incr circulating blood volume with diminished cardiac function


-most common cause of interstitial and airspace pulmonary edema

Pulmonary hemorrhage ( blood fills bronchi and eventually the alveoli

Pulmonary embolism ( thrombus that obstructs pulmonary vasculature

-hampton’s hump & melting ice cube sign


-westermark’s sign (focal area of no pulmonary vascular due to vasoconstriction distal to infarct)


-V/Q mismatch

Pleural Effusion ( fluid outside the lung and within the extrapleural space


Causes:  CHF, infection, trauma, PE, tumor, autoimmune disease, and renal failure


-meniscus sign

Tuberculosis ( mycobacterium tuberculosis

-consolidation, adenopathy, and pleural effusion


-ghon complex (calcified lymph nodes)

Bronchogenic carcinoma


-mass with spiculated margins (CT and biopsy are primary ways to stage and diagnose it)

Lung Diseases that decr lung density

-pneumothorax

-tension pneumothorax (911 emergency) ( total collapse of lung



-shift of mediastinum to contralateral side


-hydropneumothorax: air and fluid outside the lung


-emphysema


-barrel chest, flattened hemi-diaphragm
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pneumoconiosis

-accumulation of particles in lung tissue leading to inflammation and fibrosis (calcification)

-calcification of diaphragm and part of pleura
-10% of those with asbestos develop mesothelioma

-parietal pleura is typical tissue involved

spontaneous pneumothorax

-primary (5:1, male:female) vs secondary (ie COPD, catamenial)


-traumatic (iatrogenic vs non-iatrogenic)


-expiratory chest film is more sensitive than inspiratory chest

-pulmonary arteries are not visualized


-pushes mediastinum away


-usually at apex of lung, and middle-aged males

fibrous dysplasia

-expanded bone lesion (rib)


-benign fibrous lesion (0.5% malignant degeneration ( osteocarsoma)


-under 20yo

Fibrous dysplasia cont…


McCune-Albright



-“coast of Main” café-au-lait spots



-sexual precocity (menarche in infancy)



-polyostotic, unilateral FD

Thymoma


-sillouhette sign:  cannot tell difference b/n heart border and the mass


-anterior to the heart


-m/c anterior mediastinal mass in adults


-50% are asymptomatic


-35% of thymoma patients have myasthenia gravis



-only 15% of myasthenia gravis patients develop thymoma

Miliary TB


-multiple/diffuse nodular densities throughout the lung field bilaterally

-mycobacterium tuberculosis


-10 million people worldwide (m/c infection throughout world)


-may affect any system



-gibbus deformity in bone



-cold abscess in psoas muscle

Hodgkin lymphoma


-hilar enlargement bilaterally (lymphoma vs sarcoidosis)


-all ages


-chest/shoulder pain, dyspnea, superior vena cava (SVC) syndrome



-SVC syndrome:  any mass causing obstruction to superior vena cava ( back up into neck and UE (swelling)


-ivory vertebra

Bronchogenic carcinoma

-most frequent cause of cancer death in males & females


-cough (75%), wheezing, pneumonia, hemoptysis (50%), SVC syndrome


-types:



-adenocarcinoma (50%)



-squamous cell carcinoma (30-35%)



-large undifferentiated carcinoma



-small cell undifferentiated carcinoma
Anterior mediastinal mass ddx:

-Thymoma, thyroid (ie Grave’s), teratoma, terrible aneurysm (ascending aorta), terrible lymphoma

Middle mediastinal mass ddx:

-bronchogenic carcinoma, lymphoma

Posterior mediastinal mass ddx:

-Neurogenic tumor, lymphoma, abscess, hematoma

11/24/08

-pneumococcal pneumonia is most common cause of pneumonia in states

-densities smaller than 6mm cannot be seen on a chest film

-honey comb lung (reticules)


-interstitial lung disease (lung is abnormally opaque)



-interstitium = outside the alveolus (artery/vein/lymphatics)


-massive diff dx (over 120 different diseases)



-viral infections (ie pneumocystis carinii) is among the m/c

-visceropleural line (faint white line) is a hallmark line of pneumothorax

-air is in a mote around the lung


-common causes of pneumothorax (spontaneous/non-traumatic):


-bleb = congenital bubble in visceral pleura



-bulla = destroyed lung tissue that forms a small balloon

-pruning: increase in pulmonary vasculature proximally (at hilum) and decr distally
-cor pulmonale: chronic lung disease causing right-sided heart disease
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ABDOMEN

2-view abdomen:

1) KUB (kidney, ureter, bladder) = AP abdomen


-recumbent study 
(air-fluid level in fundus of stomach, when upright; but no air-fluid level when recumbent)
2) lateral abdomen (also recumbent)
Obstruction series:


1) KUB


2) lateral abdomen (recumbent)


3) upright AP abdomen


4) PA chest

-oral and intravenous contrast are typically done for abdomen CT

-abdomen is usually done by ultrasound

-m/c source of abdominal pain:

-periumbilical pain of IBS (aka non-specific abdominal pain)


-pain of a few days duration that goes away

-IBS is an autonomic pain-like disorder

-loose stool (laden with mucus)

-Other common causes of abdominal pain include:

-PID, UTI, urolithiasis, appendicitis

-diverticulitis is a very common disorder after the age of 50 or 60


-an infectious response of diverticulum

-left-lower quadrant (aka left-sided appendicitis)

-when belly pain is accompanied by vomiting, and progressive pain, then “acute abdomen”


-usually an ER case

Search sequence for abdomen:


1) Kidney



-right kidney is lower and shorter (about 1 cm shorter) than the left



-the axis of the kidney should parallel the psoas muscle (just off the vertical plane)



-an enlarged kidney is usually a tumor (renal cyst vs renal carcinoma)




-renal carcinoma produces back and flank pain




-cannot differentiate a renal stone from a renal malignancy from a UTI




-carcinoma is in older population and typically a history of smoking



-if long-standing UTI, then kidney is often smaller




-poorly treated cystitis leads to asymptomatic bacterial infection of the kidney & it shrinks





( chronic pyelonephritis






-pitting edema, proteinuria, fatigue






-patient will need dialysis or kidney transplant


2) Ureter;  3 arrest sites (for stones):
1) ureteropelvic junction (for ureterolithiasis) ( over TP of L1/2
2) where ureter crosses iliac artery/vein (at iliac crest) ( second site where stones can get stuck

3) cystouretero junction (where ureter enters bladder)

-cystouretero stones are midline, and phleboliths are on the perimeter of the pelvic bowl



-CT with stone protocol


3) Bladder



-if retained urine at the time of the exam, then a bladder dome will be seen on film


-frequently the bladder dome is depressed (from a uterus, colon, etc)



-mass effect: when bladder dome is shifted away from midline




-usually reproductive tumor




-masses under 5 cm are not typically found on plain film


4) Liver


-frequently on a standing exam, the liver will be as low as the iliac crest (normal), but not when pt is recumbent



-enlarged liver:  alcoholic cirrhosis or hepatitis

5) Spleen – splenomegaly (in a patient with spinal pain) usually means malignant neoplasm

6) Bones
7) Gas – lucency is associated with colon (normal)


-always expect gas in the rectum (with obstruction, then no rectal gas)


-small bowel dilation is what we’re looking for (3cm is the upper limit)



-obstruction (can kill the patient)




-step-ladder sign of small bowel obstruction



-multiple loops of dilated small bowel with air-fluid interface



-percussion of the abdomen is tympanic (sounds like a bass drum)



-patient will start vomiting
-if stone on AP film, then check lateral film

-if stone over the spine (on the lateral film), then it is in the kidney/ureter
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-about 85% of urinary stones are visible on plain film

-about 15% of gall stones are visible on film

-if a stone gets stuck:

-spasm distally, and distention proximally
-within a few minutes, intense type C-fiber (visceral) pain


-visceral pain is the most disturbing to the limbic system

-as pressure increases, the stone moves a little bit and then the pain subsides momentarily ( colicky pain pattern

2 types of obstruction:

- mechanical ( something plugging the bowel from the inside or strangulating it from the outside


-typically, mechanical is both plugging and strangulation


-post-operative adhesion is the most common cause of mechanical obstruction (in the USA)


-second m/c is incarceration (stuck/frozen) of an inguinal hernia



-ischemic pain



-incarceration leads to rupture ( peritonitis


-third m/c is carcinoma of the colon

- reflex ( neurological response causing peristaltic movement to cease

-ddx: itis’ of the abdomen (appendicitis, cholecystitis, diverticulitis, etc), medications, and spinal injuries

-pneumoperitoneum ( free air in peritoneal cavity (occurs if the bowel ruptures)

-Volvulus ( small bowel flips (twists) on itself


-giant air-filled balloon (air-cyst) on film


-emergent surgical treatment


-risk: rupture


-pain, with continual vomiting

-vomiting and diarrhea are characteristic of gastroenteritis
-if been vomiting for more than 12 hours, concern is electrolyte imbalance


-potassium level imbalance triggering arrhythmia

Barium contrast studies


-barium is an inert metal that does not interact with the GI tract


-if T/S pain not responding to care, then one of the ddx is GERD

-large meals accompanied by recumbent posture can lead to reflux (& eructation)


-humans are built to be grazers all day


-dinner should be the smallest meal, otherwise it could lead to GERD
-growling of the stomach = high grade contractions of the stomach (& bowels) initiating conscious awareness of hunger

-Peptic ulcer disease (PUD) = m/c disorder of the stomach

-neoplasm is the m/c disorder of the colon

-10% of the time hemorrhagic pancreatitis kills

-jejunum is on the left side and the ileum is on the right side of the abdomen

-malabsorption is the m/c disorder of the small bowel

-pathology of the bowel refers pain to the spine

-carcinoma of left colon is more environmental

-environmental: diet and lifestyle have strong connection

-carcinoma of the right part of the colon is more familial

-the major risk factor for colon carcinoma is constipation


-a metabolite of the bile is thought to be carcinogenic


-increased fiber content reduces risk of colon carcinoma
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CT Abdomen

-phlebolith is m/c calcification of abdomen/pelvis

-usually phlebolith has a central lucency

-prostate carcinoma is typically visualized behind pubic symphysis

Barium Swallow (esophagus)


-normal indentations on lateral film: aortic arch, left main stem bronchus, left atrium

Ulcer Risk factors

Gastric ulcer: cortisone, acetylsalicylic acid, cerebral ds (cushing ulcer), HPT, etc

Duodenal ulcer: cortisone, cerebral ds, etc (2-3x common than gastric)

-lymph nodes is the number one site that GI carcinoma metastasizes to

-liver is the 2nd site

-colon carcinoma is the most common site of carcinoma in the GI tract

-intussusception (telescoping): 90% of time, it occurs in child
-currant jelly stool
-purpose of oral contrast: to see the caliber of the bowels

-IV contrast: to look at the kidneys, liver, spleen

-liver and spleen should have similar attenuation

-lymphoma can be u/l or b/l

-diverticulum could occur on any tubular structure

-staghorn calculus (RUQ calcification in kidney)


-previous recurrent UTI’s


-tx: lithotripsy
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4 major categories of calcifications

1) concretion – solid, smoothed-bordered and homogeneous density



-located in tubular structures & sacs (ureter, biliary tract, pancreatic duct, appendix, and sacs, like urinary bladder)



-m/c type of calcification (phlebolith: tends to be found in peripheral pelvic bowl)


2) conduit wall

3) cyst wall

4) solid mass
-anytime pain presentation changes quickly, then consider vascular system (aneurysm, embolism, MI, stroke, etc)

-abdominal aorta bifurcates at L4

-eddy currents (turbulence, esp. at bifurcations) damage the endothelium and thus produce biochemical and mechanical changes leading to atherosclerosis

-nephrogram

-GFR diminished in renal disease

-impression on the inferior surface of the bladder:  hyperplasia of prostate

-bladder carcinoma is the second leading urocarcinoma

Kidney diseases

1) renal-cell carcinoma

-flank & back pain


-smoking history


-weight loss


-hematuria (microscopic)



-a few RBC’s in urine is acceptable in an active population


-firmness/mass in flank is not uncommon, in this case


-if LBP that you can’t reproduce on exam, then consider renal system

2) urolithiasis

-hematuria (90% of the time)


-stones may be assoc with tumor

3) infection (UTI)


-m/c occurs in bladder (cystitis)


-cystitis may ascend the ureter to cause pyelonephritis



-the microbe uses recumbent posture to find its way up the ureter


-pyelonephritis may be asymptomatic



-kidney disappears/shrivels; leads to renal failure


-more common in female


-poorly treated, undiagnosed pyelonephritis leads to atrophy of kidney



-patient will then need dialysis (but can only stay on dialysis for a few years); must then have renal transplant
-most of the non-vegetarian population is fiber-depleted


-there is about 10x more fiber in the vegetarian diet than the non-veg


-hydroscopic weight of the fiber activates bowel motility, and thus reduces the likelihood of GI carcinoma

-niche = trap = collection, or hole in stomach = ulcer 

-not all ulcers tested positive for h. pylori, and not all patients with h. pylori have ulcers
Satiety = fullness

-clover leaf sign (at duodenal bulb)


-antral distention is secondary to duodenitis


-duodenal ulcer resulting in scar tissue and shrinkage (leading to clover leaf appearance)


-patient always feels full now (patient no longer has any appetite)

3 disorders clustered in colon:

1) Constipation

2) IBS

3) Diverticulosis



-herniation of mucosal wall



-60% of people over 60yo have diverticulum



-diverticulitis is an infectious process about the diverticulum




-causes extreme pain in left lower quadrant (called, “left-sided appendicitis”)



-can form fistula with bladder or with hip joint
-fiber depletion, dehydration, and autonomic dysregulation

-1 in 25 people in USA get colon cancer


-60% of malignancies of rectum are palpable by digital rectal exam


-progressive constipation


-may experience referred pain into sacrum and lower lumbar spine
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Abdominal Calcifications

Precipitation (forming from a solution) of calcium salts within hollow viscera, tubes or in walls of vessels and solid organs

Two types of calcification

1. metastatic calcification (rare)

-widespread, occurs due to hypercalcemia and alkalosis (pH elevation)
-differential of hypercalcemia


1) primary and secondary hyperparathyroidism



-renal failure = secondary hyperparathyroidism



-primary HPT = HPT tumor


2) hypervitaminosis D (ie 50,000 IU per day)

2. dystrophic (seen everyday)

-it means tissue died (compression of tissue produces ischemia)
-serum calcium and phosphorous are normal

Evaluation of these factors permits the grouping of abdominal calcifications into 4 discrete morphological categories:
1. Concretions

2. Conduit wall calcification

3. Cyst wall calcification

-Aneurysm is the m/c

4.
Solid mass calcification

1. Concretions


-a calcification in mass form, formed in the lumen of a vessel or hollow viscus


1) sharp border


2) smooth external margins


3) continuous calcification of the perimeter


4) geometric internal architectures



-laminations



-homogeneously dense



-single central lucency (ie phlebolith)

5) confined within existing structures


Common

1. phleboliths in pelvic veins (stone in vein)

-no clinical significance

2. renal, ureteral, and bladder calculi

-may be associated with obstruction

-acute renal failure could occur within hours of obstruction

-85% are calcified

3. gallbladder stones

-won’t see on a collimated lumber spine radiograph

-15% are calcified (most GB stones are NOT seen on plain film, unless contrast is used)

-stenography (ultrasound) used to diagnose

4. prostatic calculi

-suprapubic or retropubic location

-usually indicates BPH

5. appendicoliths

-100% rupture risk if appendicitis occurs ( must be resected

6. pancreatic calculi (may cross the spine)
Uncommon

1. urethral calculi

-cluster of calcifications in the right upper quadrant = cholelithiasis

-20% of patients with GB disease have pain referral to mid T/S (scapular region)



-if T/S pain biased to right side, then check GB


-biggest risk factor for gall stone formation is low fiber content in diet

2. Conduit Wall calcification ( the wall itself is calcified


-conduits are hollow tubes through which fluids pass

Radiographic features of conduit calcification:

1) annular density en face

2) tracklike parallel lines in profile

3) discontinuous calcification

4) irregular margins of calcification

5) no internal calcification

6) confined to anatomic structures

-atherosclerotic disease is the best example of conduit calcification

-fusiform aneurysms: bulging aneurysms

-L/S osteophytes don’t threaten the abdominal aorta 

(osteophytes are ridges, & not pointy structures like they appear to be)
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-inflammation results in necrosis and fibrosis, involving calcification

-splenic artery is another artery that can be atherosclerotic: snakelike calcification

-combination of round and tracklike

-vas deferens calcifications


-symmetric


-often seen in type II diabetes

3. Cyst Wall Calcification


1. Curvilinear calcification defining wall of cyst


2. Rim calcification may be discontinuous


3. Absence of laminations


4. May occur anywhere in wall

-aneurysm risk factors: hypertensive male, smoking history, 60+ years old

-CT with contrast, or ultrasound are the two fastest ways to diagnose

-most likely to rupture:  if 5cm (or larger) or grows at a rate of 2cm per year


-renal cell carcinoma looks identical to (& is more common than) mesenteric cyst



-in other cases, cancer does NOT usually associate with calcification

4. Solid Mass Calcification


-most diverse in terms of appearance


1. Extensive interior calcification


2. Varied internal pattern: speckled, mottled, whorled, streaky


3. Ill-defined irregular external border


4. May be of any size


5. May occur anywhere in the abdomen


-not in the wall, and they’re not concretions


Examples:



-calcified lymph nodes



-uterine leiomyoma (uterine fibroid)



-TB and chronic abscesses in kidney



-renal malignancies (solid mass)



-adenomas and hamartomas



-dermoid (aka teratoma ( tumor of reproductive system, usually females)




-2-5% malignant degeneration

the guy with the bow tie


